After firms adopt electronic information and communication technologies, their decision-making leaves a trail of electronic information that may be more extensive and accessible than a paper trail. We ask how the threat of litigation affects decisions to adopt technologies that leave more of an electronic trail, by exploring the case of electronic medical records (EMRs). EMRs allow hospitals to document electronically both patient symptoms and health providers' reactions to those symptoms. We find evidence that hospitals are one-third less likely to adopt EMRs if there are state rules that facilitate the use of electronic records in court.
Introduction
When firms adopt new information and communication technologies (ICTs), they hope to increase profits by reducing communication and archiving costs. However, they may incur hidden costs, among which is an increased likelihood of detrimental evidence being uncovered from an electronic 'paper trail'. In United States v. Microsoft, CA No. 98-1232, federal prosecutors used e-mails sent between Microsoft executives as evidence of anti-competitive intent towards Netscape. In this paper, we study whether changes in the risks and costs of litigation stemming from the existence of an electronic document trail influence firms in their decisions to adopt new technologies.
We focus on the specific question of how the prospect of electronic data being used in court affects the decisions of US hospitals to adopt Electronic Medical Record (EMR) systems.
EMRs allow health providers to store and exchange information about their patients' medical and treatment histories electronically rather than using paper. EMR systems can improve patient care and reduce administrative costs, but their effect on malpractice litigation is ambiguous.
On the one hand, by automating documentation of a patient's care, EMR systems can help protect health providers in a malpractice case, by documenting that hospital protocols were followed. EMRs may provide better and more legible documentation with an audit trail. By helping to prevent medical mistakes, such as dosage errors, EMRs may actually reduce the risk of a malpractice lawsuit being launched.
On the other hand, EMRs include more detailed information about patient care than traditional paper records. Therefore, plaintiff attorneys may make extensive discovery requests for 'relevant' electronic information in medical malpractice litigation. In a case described in Vigoda and Lubarsky (2006) and Dimick (2007) , surgery left a patient quadriplegic. The patient's lawsuit initially focused on the surgeon's competence, but it switched to focusing on the anesthesiologist's competence after pretrial discovery, which released EMRs to the patient's attorneys. These records contained an electronic time-stamp that cast doubt on whether the anesthesiologist was present for the entire procedure. This anecdote illustrates the risk to health providers of EMRs being released during discovery. An increase in information can improve patient care and aid rebuttal in court, but it can also increase the chance that the plaintiffs' lawyers will find evidence of wrongdoing.
To analyze whether this threat of increased medical malpractice litigation deters adoption of EMRs, we use panel data on EMR adoption by hospitals from [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . To measure the likelihood that electronic data will be used in medical malpractice trial proceedings, we exploit differences over time in state court procedural rules governing the scope and depth of general electronic document discovery, or 'e-Discovery', in pretrial proceedings. E-discovery refers to the use of electronic materials in the discovery stage of court proceedings. These laws increase the likelihood of extensive electronic metadata being preserved, such as potentially damaging evidence of time-stamps when records were accessed and modified in court. We find that the enactment of such state rules decreases the propensity of hospitals to adopt EMRs by one-third. We check the robustness of this result by adding controls to the main model and by employing a set of falsification tests.
We then examine which hospitals were most deterred by these procedural rules. First, we find that e-Discovery rules hinder adoption more in states with more malpractice litigation stemming from allegations that could be bolstered with data from EMRs. Second, we find evidence that it was smaller hospitals who were most deterred by these e-Discovery rules.
This result may suggest that small hospitals find it harder to cover the fixed cost associated with maintaining electronic records if they face or expect a malpractice suit. To comply with most e-Discovery requests, hospitals need to have implemented policies and procedures to address potential IT systems risks, such as special systems that can accurately record corrections or additions to the electronic record.
We contribute to three literatures. By documenting evidence of the role of electronic data in court cases in inhibiting diffusion of healthcare IT, we contribute a growing information systems literature that examines the determinants of the use and diffusion of healthcare IT in the US (Kim and Michelman, 1990; Menon et al., 2000; Kohli, 2000, 2003; Angst et al., 2008; Tucker, 2009, 2011b) . Medical researchers have examined the association of malpractice risk and the adoption of healthcare IT, the literature has so far been either anecdotal or empirically ambiguous. Feldman (2004) quotes survey evidence that shows that in 41 malpractice cases, there were no reported cases where an "automated record" hindered the defense process. He also discusses quotes from survey participants that suggest positive legal outcomes, such as "I know of three cases where the anesthesia record directly contributed to the anesthesiologist being dismissed (from the suit)." Lane (2005) points out that it would be unwise to conclude from anecdotal evidence that electronic systems do not increase practice exposure, because Feldman (2004) ignores the additional risk created by additional data stored in the electronic record. To try to understand how 'malpractice risk' and adoption of EMRs may correlate, Virapongse et al. (2008) sent surveys to 1140 physicians in Massachusetts. 6.1 percent of physicians with an EMR system had a history of paid malpractice claims, compared to 10.8 percent of physicians who did not use EMRs. However, after controlling for sex, race, year of medical school graduation, speciality and practice size, this difference was no longer statistically significant. We are able to add to the precision and identification of this survey research, by using shifts in state rules and procedures governing electronic data to separately identify changes in the use of electronic data in court cases that might affect adoption.
Our paper also contributes to a new literature that relates the increasing interconnection between the practice of law and technology. Korin and Quattrone (2007) emphasize that to meet electronic document discovery challenges, attorneys will need to 'become familiar with systems and processes that are used to create, transmit and store health care information 4 electronically; electronic information availability; how routine computer operations in health care institutions may change or alter electronically stored information (ESI); and what is entailed in producing requested electronic documents.' As emphasized by Ward et al. (2009) , new legal rules and procedures have severely complicated the management and use of various information systems. There is also an active policy debate about the costs of electronic disclosure in court systems (Losey, 2008; Dimick, 2007; Korin and Quattrone, 2007) . While the focus so far has been on the complexity and costs that e-Discovery adds to the litigation process, our research suggests that policymakers should also consider whether potential adopters are being deterred from adopting welfare-enhancing technology.
Finally, this work relates to the literature in health economics that attempts to assess how the risk of malpractice litigation affects health care provider choices. The bulk of this research concerns physician responses to the malpractice environment, and considers location (Matsa, 2007) and treatment decisions. For example, Kessler and McClellan (1996) show that medical malpractice tort reforms affect how doctors treat heart disease patients. Dubay et al. (1999) study the effects on caesarean section rates while Currie and MacLeod (2008) study birth outcomes. Avraham et al. (2010) provide an overview of the cost impact by relating tort reforms to changes in health insurance premiums. This study considers how malpractice concerns may affect hospitals' decisions regarding technology adoption. In our robustness analysis, we control for the major tort reforms studied in the previous papers, such as payment caps and joint and several liability rules. However, our focus is on the impact of the rules of evidence, which has not previously been explored.
The finding that the use of electronic data in court appears to deter hospitals from adopting EMRs has particular policy relevance now, because the 2009 HITECH Act offers incentives of roughly $44,000 per physician to promote EMR adoption.
Our findings imply that there are costs to EMR adoption from allowing electronic discovery in court. However, this does not mean that they imply there should be no electronic 5 discovery. That would be true only if the policy goal were simply increasing EMR adoption.
Instead, it is important to recognize that there may be important benefits from electronic discovery for the strength and usefulness of the medical malpractice system. For example, there may be benefits to electronic discovery in terms of discerning and penalizing truly negligent care. However, given the general lack of information about the use of electronic records in electronic discovery cases, there may be clear benefits to clarifying the procedures surrounding the use of electronic medical records in court cases. It may be advantageous for medical professionals to be well-informed about how much additional risk they will expose themselves to rather than having them perceive those risks as unquantifiable.
Background

State Electronic Discovery Laws
In order to determine if the use of electronic data in court proceedings deters or encourages the adoption of EMRs by health providers, we exploit variation in the legal environment that shifts the likelihood that EMRs will be used in malpractice cases. This variation is from state rules governing the use of electronic information in the discovery stage of litigation in state courts. We focus on state court rules governing the use of electronic information in this discovery phase because most medical negligence cases are filed in state courts.
The discovery phase of a medical malpractice case starts after the plaintiff files the lawsuit.
During discovery, both the defense and the plaintiff have the opportunity to obtain relevant information and documents from the other parties in the lawsuit. The standard for discovery for paper records is generally very broad. Documents are 'discoverable' if they are likely to lead to the uncovering of admissible evidence. They do not have to be necessarily admissible at trial. Requests for discovery are generally statutorily predetermined requests that must be produced without objection. Therefore, all parties in a lawsuit must respond to discovery requests or face being found in contempt.
The extent to which the use of electronic data in courts is seen as a burden is demonstrated by the evolution of new 'E-Discovery' insurance products. ProAssurance Insurance Company, for example, has a product it advertises to medical providers as follows: 'If your private practice or facility's practice of medicine stores any portion of medical records electronically, producing required information (e-Discovery) for a formal legal or regulatory proceeding can In the past decade, many states have adopted rules that govern 'e-Discovery,'. As shown by Figure 1 , these rules are geographically diverse. The rules originate both from statutes and courts. Table 1 summarizes the rules that have been enacted. These rules generally add electronic documents as an additional class of documents that are governed by existing rules on discovery in pretrial proceedings. This means that such materials fall, without any room for dispute, into the class of materials that must be automatically produced without objection in pretrial proceedings. Without such a legal guarantee 1 As an illustration of the perceptions of legal experts, a recent conference on medical malpractice included a session that described electronic discovery as "an aggressive enemy lurking at the door of every hospital in the United States" and "a friend of the plaintiff's bar," explaining that "a wealth of digital information can accumulate about a patient that is housed outside an organizations' legal medical record. Attorneys in search of additional information pertinent to a lawsuit may view this data as digital Easter eggs waiting to be discovered." in place, the plaintiff's and defendant's teams of lawyers must hash out the use of electronic materials between themselves. Interviews with medical malpractice attorneys to provide evidence on this informal and undocumented process suggest that they often reach an agreement with the other party to exclude electronic evidence from the discovery process. This practice of excluding electronic materials has been broadly criticized by authors such as Weiss (2006) , who says "Lawyers have tended to avoid filing e-Discovery requests, primarily out of fear." Lawyers rationalize such behavior by pointing out that without clarification from the courts about how e-Discovery should be conducted, e-Discovery becomes costly and may not produce worthwhile evidence that offsets these costs.
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The rules also recognize some distinctive features of electronic information. For example, the rules often allow requests for electronically stored information ("ESI") to specify the format in which the information should be delivered. Rather than accepting hard-copy printouts containing relevant information, lawyers can request that information be provided electronically in the 'native form' in which it was produced. Blumenthal et al. (2006) also discusses the concern that widespread use of ESI in medical malpractice cases introduces ambiguity in the definition of a legal 'medical record' and extends the scope of discovery. This extension goes beyond the medical record information that hospitals are required to provide to patients upon request under the Privacy Rule of the 1996 Health Insurance Portability and Accountability Act (HIPAA).
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A problem for defendants about requests for 'ESI' is that metadata contained in the electronic record can give the impression that medical records have been tampered with. This is a particular point of vulnerability for defendants in court. One example, given to us by an industry insider, was the case of radiologist in Arizona who prior to a deposition accessed the patient's record to review its contents. By doing so, they inadvertently created a time-stamp which suggested that the record had been 'modified' just prior to the deposition.
In Arizona, the absence of clear rules meant that this inadvertent electronic data was not admitted as evidence, but legal experts say that under new state rules that this potential electronic evidence of possible 'tampering' could be used effectively by the plaintiff to have medical evidence dismissed.
In our regressions, we use an indicator variable to signal the existence of a state rule: We do not exploit the variation in the wording of the rule. We did check the robustness of our results to the exclusion of Texas, which appears to have the least 'plaintiff-friendly' rules for e-Discovery of the states in our sample, and obtained similar, if marginally higher, estimates of the effects of e-Discovery rules than before.
In the last year of the time period that we study, there were sweeping changes to the Federal Rules of Civil Procedure (effective December 2006) that broadened the reach of the electronic data health providers may have to release in malpractice cases, to include Statute Adds ESI to definition of "writing" in a clause excluding discovery for materials prepared in advance of litigation or in preparation for trial. Allows interrogatories to be answered by specifying the ESI from which the answer may be obtained. Adds ESI to existing rules covering production of documents. Adds ESI to existing rules covering production of documents; requires ESI to be produced in the form in which it is "ordinarily maintained" or in reasonably usable form. Court Requires that "To obtain discovery of data or information that exists in electronic or magnetic form, the requesting party must specifically request production of electronic or magnetic data and specify the form in which the requesting party wants it produced. The responding party must produce the electronic or magnetic data that is responsive to the request and is reasonably available to the responding party in its ordinary course of business." 
Court
Adds as a valid matter for pretrial conferences the reaching of agreements on e-Discovery, Limits discovery of ESI that would be "unreasonably burdensome or expensive", or "unreasonably cumulative or duplicative", Adds as a valid matter for pretrial conferences the reaching of agreements on e-Discovery. Allows interrogatories to be answered by specifying the ESI from which the answer may be obtained. Adds ESI to existing rules covering production of documents. Adds an exemption from normal sanctions for failure to cooperate in discovery, for ESI "lost as a result of the routine, good faith operation of an electronic information system" Adds ESI to language governing subpoenas. Allows subpoenas to cover sampling of ESI. ESI must be provided as "kept in the usual course of business" or organized and labeled "to correspond with the categories in the demand." If subpoena does not specify form, ESI must be provided "in a form or forms in which the person ordinarily maintains it, or in a form or forms that are reasonably usable." Exempts ESI from sources that are not accessible because of "undue burden Court Allows subpoenas for ESI that is not "unreasonable or oppressive", Adds as a valid matter for pretrial conferences the reaching of agreements on e-Discovery, Allows claims that ESI is not reasonably accessible if party pre-specifies the sources that are not accessible, Allows interrogatories to be answered by specifying the ESI from which the answer may be obtained., Adds ESI to existing rules covering production of documents. Specifies that the ESI must be in a form or forms in which it is ordinarily maintained or in a form or forms that are reasonably usable., Adds an exemption from normal sanctions for failure to cooperate in discovery, for ESI "lost as a result of the routine, good faith operation of an electronic information system" NY Uniform In all cases, we focus on the dates the laws became effective. Since these rules are generally changes to the court code of civil procedure, there is not a large gap between the enactment date and the effective date as sometimes occurs with changes in state law.
Furthermore, while these state laws often formalize and codify the procedures that have been followed in a prior case, they do represent a discontinuity in terms of legal practice. First, before such rules are enacted, it is not clear whether in that state practices that have been followed in complex corporate civil cases apply to all civil procedure. Second, while lawyers who specialize in such areas of corporate law may be well aware of the issues of electronic discovery, the enactment of such rules are ordinarily attended by both publicity and offers of workshops and training in matters of e-Discovery by the state bar association, which improve the ability of the broad spectrum of the legal profession to take advantage of electronic data mining techniques.
In any investigation of the effect of changes in state laws, it is important to know the origin and background behind the changes. For example, we would be faced by a severe endogeneity problem, if these rules came about because of activity by large hospitals or medical malpractice litigation experts in that state. Most of these laws have been prompted to an extent by court cases where e-Discovery became a crucial issue at trial and there were no rules to govern the fallout. However, our study of the origin of these rules suggests that rather than reflecting activity in the health sector, they instead reflect litigation practices in the financial sector. Banks and other financial firms were the first industrial sector to embrace a large number of ICT-type technologies that store electronic data. For example, Merrill Lynch's Jonathan Eisenberg noted that in his experience, 98% of the records in discovery cases involving Merrill Lynch are ESI (Losey, 2008) . The financial sector also has the 'deep pockets' to enable lawyers involved in these cases to take on the substantial cost and complexity of reviewing electronic documents as part of the discovery process.
An example of this relationship between the presence of financial firms and the enactment of state-level e-Discovery rules is New York's Zubulake v. UBS Warburg, 2004 WL 1620866 decision, where UBS had to pay $29.2 million, partly because they failed to store data properly. Conversations with e-Discovery experts suggest that it was the holes in the existing discovery trial procedure guidelines that were exposed by the Zubulake case that prompted the New York courts to issue clarifying procedural rules in 2006.
Effects of E-Discovery on Malpractice Litigation
The effects of making it easier for plaintiffs to access electronic data in malpractice cases are ambiguous. The majority of the EMR policy literature emphasizes that EMRs can document that hospital protocols were followed, and consequently provide a more complete and easily 'provable' paper trail for the defense. However, it also means that if there are informal practices in a hospital that go against official protocol, they will also be recorded.
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EMRs may prevent mistakes by standardizing care and patient histories, and make it easy to document that an alleged violation of procedure did not occur. However, the presence of electronic data makes it more likely that a mistake, if it were made, would be recorded. It also opens the possibility that even if the initially alleged error or negligence did not occur, the plaintiff could data-mine the electronic information until it found another potential 4 Anecdotal evidence indicates that when nurses are called away in an emergency from making regular checks on patients recovering from surgery, they can "correct" paper records after the fact to indicate that they had made the checks. That is not possible with EMRs. Similarly, Williams (2009) reports a case where the focus of a medical malpractice suit was the fact that a nurse made entries to an electronic record after the patient had died. If the patient records had been paper, there would have been no way of assessing knowing for sure when these entries were made. mistake, or at least some evidence of questionable actions that could be open to medical interpretation.
There are other specific ways EMRs could affect malpractice litigation. There is the potential for legal sanction as the result of for data loss or destruction. There is also the potential that inappropriate corrections to a medical record that would be revealed by electronic data stamps, inaccurate data entry and unauthorized access. Errors may also occur during the transition period from paper to EMRs, such as those documented by Han et al. (2005) . EMRs make it easier to refer to a patient history, so courts may judge physicians more harshly who make errors because of not referring to a patient history, and it will be easier to tell when they have not referred to it.
5 Also, the use of inappropriate standardized templates (for example using an adult neurological template in a pediatric case, Kern (2009)) could be used as evidence against health providers in court. Hospitals may also fear that in the course of discovery for a single malpractice case, the electronic information will reveal a system-wide error in the EMR system's clinical guidelines and alerts that would affect a large class of patients, thereby amplifying the risk relative to paper documents. Finally, electronic information also increases the potential for data mining (Terry, 2001 ).
We focus on how the risk of malpractice litigation affects hospital adoption decisions, because the EMR system is hospital-wide. However, malpractice cases may not be hospitalwide. Litigation resulting from hospital care may be directed at the hospital; at the physician and other members of the medical team as well as the hospital; or at individual members of the medical team. Therefore, the hospital adoption decision may reflect not only its direct perception of the negative consequences of electronic data being used in court for itself but also the negative consequences faced by its physicians, if the hospital worries that this could interfere with employing physicians of high-caliber. We measure adoption of EMRs by whether a hospital has installed or has entered into a contract installing an "enterprise EMR" system. Installing EMRs in a hospital setting is a large undertaking that may span more than one year, so we define adoption by whether or not the hospital has contracted with a EMR vendor to set up an EMR system. It makes sense that it is the decision to choose to install an EMR which will be influenced by the potential of electronic data in litigation rather than the EMRs' completion date. Enterprise The average annual adoption rate of EMRs among hospitals who had not previously adopted the technology was 3.3 percent.
Results
We first examine the aggregate impact of laws that clarify the use of e-Discovery in the pretrial stages of medical malpractice suits on adoption of EMRs. As described in Section 2.1, these laws increase how much electronic information a plaintiff's lawyer may receive automatically as part of pretrial disclosure. As such, the laws are expected to magnify the impact of electronic information on the litigation process.
We model hospitals as maximizing an objective function that includes net revenues and patient outcomes, including potential costs associated with malpractice lawsuits. Hospitals (Allison, 1982) . We use a probit specification to model new adoption decisions among hospitals who have not previously adopted EMRs. This means that we exclude observations of hospitals that have already adopted EMR from our regressions, in effect treating it as an irreversible decision.
Our results are robust to using a linear probability model, a logit specification, or a Cox proportional hazards model. 7 Robust standard errors are clustered at the state level.
This allow for the potential correlation within states over time and between hospitals. This robustness is especially important for our study because the policy variation occurs at the state level (Bertrand et al., 2004 ).
8 Table 3 reports our initial results. Column (1) reflects the results of our initial panel specification that includes the full set of state and year fixed effects. Here, the presence of a law that facilitates e-Discovery is associated with a statistically significant 0.24 reduction in the latent variable capturing the net value of adoption of EMRs. At the sample mean, this translates to a marginal effect of e-Discovery rules lowering the likelihood of adopting EMRs by 0.011 each year. This represents a large (one-third) decrease relative to the average propensity to adopt of 0.033 each year. These estimates are identified from within-state variation in adoption rates around the time that state e-Discovery rules are put in place.
7 See Table A-3 in the appendix for the main estimates in these models. 8 Column (3) of appendix table 6 reports results with standard errors clustered at the hospital level. The standard errors are generally similar to those clustered at the state level, but they are somewhat smaller for the main variable of interest. This suggests that clustering at the state level provides a more conservative and appropriate test for the impact of the state level policies we study. Standard errors in parentheses * p < 0.10, * * p < 0.05, * * * p < 0.01 Sample includes hospitals that have not previous adopted EMRs.
In Column (2) we add a full set of hospital and state level controls to capture differences in hospital characteristics over time. This means that we can control explicitly for changes in hospital characteristics that may be correlated with the rules. For example, if states that were more likely to enact an electronic discovery rule also had hospitals that were likely to adopt earlier, because they were larger, then the potential for only small hospitals to have not adopted after the enactment of the rule could give rise to a spurious negative correlation between the enactment of the law and adoption in the state. However, adding all of these controls leaves the key effect of the electronic discovery law largely unchanged.
Due to space constraints, we omit the full set of coefficient estimates from the main table, and instead report them in Column (1) of Table 6 in the appendix. Many of the controls are insignificant. Being a speciality hospital, a non-profit hospital, a member of a hospital system, having higher employee benefits, having longer average patient length of stays, more emergency room visits, and relatively fewer trainees and nurses are all linked with hospitals who are more likely to adopt EMR.
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As with any study that analyzes the effect of a legal rule, there is a question as to whether we can interpret our main relationship in a causal manner, given potential for the rule to be endogenous. Specifically, the concern is that the enactment of the rule that facilitates e-Discovery could be related to other factors that in turn deter adoption of EMRs and are not controlled for by the state or year fixed effects or the hospital-level controls. Many of the factors that one might expect to be correlated with inclusion of electronic documents in pretrial proceedings (for example, increases in unobserved technological sophistication that are not captured by our state GDP controls) would also be correlated with adoption of EMRs. These omitted factors lead us to understate the effect of e-Discovery rules on adoption. However, there are also alternative confounds that would lead us to overstate the impact of e-Discovery. One possible alternative would be that the enactment of e-Discovery laws is associated with an increase in consumer protection sentiment at the state level, which also gives hospitals problems in collecting unpaid medical bills from consumers, in turn leaving hospitals with less money to invest in technology.
We deal with this potential for endogeneity initially by adding direct controls for the medical malpractice environment. We then in Tables 4 and 5 conduct falsification tests, confirming the absence of significant associations between technology adoption and e-Discovery rules if we incorrectly specify the date of enactment or if we study the adoption of an alternative healthcare technology that does not produce metadata that can be used in court.
Column (3) of Table 3 reports the results of a specification where we control directly for changes in laws surrounding medical malpractice. We measure the tendency of states to adopt reforms to their court rules by using state level malpractice tort reforms. Our data on state-level tort reforms is from Avraham (2006) , who documents changes in state level regulations that affected caps on medical malpractice payouts, the use of contingency fees and the allocation of liability. We include separate controls for limits on punitive and economic damages. However, we omit the control for limits on total damages because it does not vary over time during our sample period and is not identified. We supplemented the data for 2007 by manually reviewing whether there had been changes to these regulations. We also include controls that capture the price that lawyers are charged for paper records in that state, according to the price guidelines set out by that state's medical board. The addition of tort reform has an insignificant impact on the estimated coefficient for e-Discovery rules.
The e-Discovery coefficient is -0.235. The marginal effect at the sample mean is -0.011, or a one-third decrease in the propensity to adopt, as in Columns 1 and 2. Interestingly, the reforms themselves are generally unrelated to adoption of EMRs.
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Column (4) of Table 3 further reports the results of a specification in which we control for 10 The full set of coefficients is in Column (2) of Table 6. 20 differences in the level of the installed base of EMR in the previous year for that state. This directly addresses the concern that our results are an artifact of states that pass these laws having many early adopters, meaning that after the law is passed there are few hospitals left who actually would benefit from adopting EMRs. Although the lagged installed base variable itself has a positive and significant relationship with EMR adoption, its inclusion has a negligible impact on the main estimate of interest.
Two additional robustness checks are reported in the last two Columns. Tucker (2009) and Tucker (2011a) document the importance of privacy regulation as a driver of electronic medical record adoption. Column (5) shows that controlling for the presence of state-level privacy laws limiting the disclosure of personal medical information by hospitals does not alter the estimated impact of e-Discovery. Column (6) shows that the main effect also remains negative and significant after allowing for separate linear time trends in EMR adoption for states that pass e-Discovery rules during the sample period.
Timing of Laws
In Table 4 , we report results from a falsification exercise in which we use a 'false' adoption date for state e-Discovery rules. For each state with an e-Discovery law, we create three 'false' e-Discovery laws passed 1, 2 and 3 years before the actual enactment date. The idea of doing such a falsification test is that if our estimates are reflecting some change in the time-trend of adoption behavior in states that enact laws but that is not related to the actual law, then the placebo will pick up some of this time-trend. We first repeat the estimate from our main model (from Column 4 of Table 3) in Column (2). In the next Column, we report estimates from a model that includes the true e-Discovery adoption date, as well as the false dates in each of the 3 preceding years. The lack of a relationship with the false law suggests Standard errors in parentheses * p < 0.10, * * p < 0.05, * * * p < 0.01 Sample includes hospitals that have not previous adopted the technology.
that the changes in adoption followed e-Discovery rules rather than preceding them.
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Column (3) of Table 4 builds on these estimates to investigate the dynamic impact of eDiscovery rules on EMR adoption. The main finding of Column (2) is repeated in that there are no significant pre-trends leading up to the law. There are also no significant differential trends following e-Discovery rules either. The lack of any significant coefficient for laws starting 1, 2 or 3 year after the actual enactment date suggests that the longer-term effects of the law on adoption rates resemble the immediate effects. This implies that the total impact on adoption accumulates over time, but the annual reduction shows no systematic pattern of increasing or decreasing magnitude. Column (4) provides additional evidence for the constancy of the incremental impact by reporting the estimated impact of the e-Discovery rules on a sample that excludes data from Illinois and Texas, the 2 states with e-Discovery laws in place by 2000. Table 5 investigates how e-Discovery rules affects different types of technology. The first Column repeats the previously reported main estimate for adoption of EMRs. The second shows a similar negative impact of e-Discovery rules on the adoption of a related technology, Computerized physician order entry (CPOE) systems. These systems can record and disseminate instructions for patient treatments and often include safety features such as error-checking and clinical decision support tools (such as automated warnings for potential drug interactions). As with EMRs, the increased record-keeping associated with CPOEs has Standard errors in parentheses * p < 0.10, * * p < 0.05, * * * p < 0.01 Sample includes hospitals that have not previous adopted the technology.
Different Technologies
been identified as a potential risk in malpractice cases where electronic discovery is present (Greenberg and Ridgely, 2011) . The reduction in CPOE adoption provides further evidence of a decline in clinical IT adoption following the enactment of e-discovery rules.
In contrast, in the spirit of our previous falsification tests, in the next two columns of the table we report estimates from different placebo test using alternative technologies that are unlikely to affect pre-trial discovery: Financial Data Management Software and Business Intelligence Software. These technologies, while used in hospital record-keeping, do not produce data that is part of a legal medical record. We found no significant effects from state e-Discovery rules on these technologies and the point estimate are positive. This suggests the main result in Table 3 is not being driven by a spurious negative correlation between e-Discovery rules and healthcare IT adoption more generally.
Heterogeneous Effects of E-Discovery Rules
E-Discovery and Different Types of Malpractice Cases
In this section we explore how the effect of e-Discovery rules may be affected by the types of medical malpractice lawsuits a hospital faces. Specifically, we examine how the effect of the law is mediated by the size and nature of the medical malpractice payments associated with practitioners working in that state. Our hypothesis is that higher malpractice payments by practitioners translate into greater financial risk to hospitals from malpractice, either because hospitals themselves face increased financial exposure in medical malpractice suits or because hospitals compete for physicians and would need to compensate them for increasing their exposure to electronic data in malpractice cases. We use data from the national practitioner databank of all medical malpractice payments. The files are the universe of all claims paid in the United States, but do not include information on complaints and litigation that did not result in a payment. 13 We use payments from the previous year to predict new adoption, avoiding the potential reverse causality that could otherwise run from adoption of EMRs to malpractice payments.
Using the 3-digit allegation claim category code, we determine if each payment is potentially related or unrelated to EMRs. Claims related to EMRs are from mistakes that might the presence of an electronic medical record would affect the likelihood of a surgeon leaving behind a piece of operating equipment within a patient.
The results in Table 6 show how the presence of an e-Discovery law is mediated by the average payment in that state for a medical case for each of these claims classes. In each case, to ensure comparability, we use a mean standardized and centered measure of the average payment data. The average size of claims that are associated with practices that might be related to EMRs has a statistically significant negative interaction with the presence of a law.
The sizes of the estimates imply that increasing the value of EMR-related claims from its mean to a value one standard deviation above the mean increases the e-Discovery coefficient by about 50 percent (from -0.214 to -0.325). In contrast, unrelated claims have statistically insignificant effects on the estimated impact of an e-Discovery law. This suggests that when a hospital is in a state where there are large medical malpractice payouts for lawsuits that would be documented by electronic medical records, a law facilitating e-Discovery would be incrementally negatively correlated with adoption. These separate effects are confirmed in Column (3) where a single model is estimated with both types of payouts and interactions.
As pointed out by Ai and Norton (2003) , care is needed when evaluating the significance of interaction terms in non-linear models. Results from a linear probability model, however, are reassuringly similar.
Column (1) reports both a positive correlation between malpractice payments and adoption of EMRs in that Column and a negative estimate of the effect of the interaction between with E-discovery rules malpractice payments. Though this is just a correlation which may be subject to the usual confounds, one interpretation is that having an EMR system in place can be an advantage for hospitals in documenting their compliance with standard practices.
However, this benefit is eliminated when e-Discovery rules put all electronic information by default in the hands of plaintiffs. The potential for a downside to the use of electronic data for hospitals with extensive electronic documentation increases directly when the control over that information shifts to plaintiffs through greater ease of e-Discovery. There is anecdotal evidence that some hospitals with EMRs attempt to gain control over this risk by engaging in costly activities, such as retaining duplicate paper records or employing third-party document storage systems or expensive customized software modules to limit the content included in the legal medical record.
In Columns (2) and (3), the interaction terms between e-Discovery rules and other types of malpractice payments are statistically insignificant. However, consistent with the relationship in Column (1), there is a positive relationship between EMR adoption and malpractice cases stemming from allegations that might have been prevented by EMRs. In Column (3), for unrelated allegations, there is no such association.
Which Hospitals Are Affected by E-Discovery Laws?
We now consider how hospital characteristics may affect the correlations between hospital EMRs adoption and the presence of e-Discovery laws. We find evidence that the most statistically significant moderator along various dimensions is hospital size. Table 7 provides a summary of our results. The three columns summarize specifications that include interactions with an indicator variable that measures whether or not the hospital has a below-median number of total admissions, expenses and non-medical staff. In all cases we find a negative interaction with whether a hospital is small by that measure and whether a state has an e-Discovery law in place. The largest interaction by size is the interaction with the size of the support staff. To control for the Ai and Norton (2003) critique, we also estimated a linear probability model with similar results.
We speculate that this result may reflect the costs and difficulties associated with preparing electronic data for discovery for civil trial. Hospitals that do not employ large enough legal and IT teams may be therefore placed at a relative disadvantage if electronic medical records are brought into the discovery process. Losey (2008) urges institutions who face substantial e-Discovery risks to establish an internal e-Discovery preparedness and response team, consisting of one or more outside attorneys who specialize in e-Discovery as well as representatives from the legal team, IT department, key business departments as well as records and compliance units. Such costly and complex organizational requirements may deter smaller hospitals more. In addition, hospitals who face the prospect of e-Discovery would need to invest in additional storage and IT management systems to prevent unintentional data loss.
Conclusion
This paper documents how the presence of state e-Discovery laws affects the adoption of electronic medical records. On the one hand, it seemed possible that the use of electronic records might facilitate a hospital's defense, by providing a broader and more robust standard of documentation. On the other hand, it seemed possible that the increase in the breadth of evidence and the possibility of 'data-mining' by the plaintiff's lawyers might increase hospitals' perception of the potential for negative consequences of electronic medical data being used in court. Standard errors in parentheses * p < 0.10, * * p < 0.05, * * * p < 0.01 Sample includes hospitals that have not previous adopted EMRs.
Our empirical analysis suggests that state laws that clarify the use of electronic evidence in discovery are associated with a 33 percent decrease in adoption of EMRs by hospitals. The implication of this finding is that there may be previously ignored welfare effects from the risk of litigation on the spread of certain new technologies that store electronic data. Although we have focused on the adoption of health IT, this deterrence effect may be present in other sectors of the economy where companies make choices about converting records from paper to electronic methods of storage.
There has been a substantial federal push to ensure widespread adoption of EMRs, providing financial incentives of approximately $44,000 per physician under the 2009 HITECH Act. However, such policies have as of yet not addressed this issue of the potential of the use of electronic data in malpractice cases when designing incentives. Our research suggests that hospitals' concerns about the use of electronic data in malpractice cases may limit the effectiveness of such financial subsidies. If the efforts to promote adoption of EMRs are to be effective, they should be coupled with efforts to streamline and guide the use of elec-tronic data in court proceedings, to reduce hospitals' perceived costs from malpractice claims enabled by EMRs.
Several limitations are worth noting. First, we study adoption of a simple, bare-bones EMR system, rather than additional functionality such as computerized practitioner order entry and integration with radiology information systems. Second, we only study the effect of e-Discovery laws on the adoption of EMRs, not how they are actually used. It is possible that hospitals who fear litigation end up not fully using their electronic medical records, for fear of future data mining. If this is the case, then our estimates may understate the extent of the problem. Last, when a state enacts an e-Discovery rule, the local medical and legal press commonly publish articles that address issues of e-Discovery and the potential costs they entail. We recognize that therefore our regressions measure the effect of the enactment of an e-Discovery law (and the attention that surrounds the enactment) as opposed to the pure causal effect of an unpublicized change in the wording of the law. Standard errors in parentheses * p < 0.10, * * p < 0.05, * * * p < 0.01
A-2 (1) and (2) includes hospitals that have not previous adopted EMRs. The outcome is an indicator for new EMR adoption. Column (1) estimates a Linear Probability Model using ordinary least squares and Column (2) uses a Logit model. Column (3) estimates a Cox Proportional Hazards model for initial EMR adoption.
